ment and its associated accumulation of data is that progress occurs in an irregular fashion with 'break throughs' being interspersed by periods of relative inactivity. In the halcyon years of 1955 to 1961, human cytogenetics experienced a revolution which brought the field within the scope of most genetic laboratories. The resulting increase in the volume of cytogenetical data being published has seen few parallels in the history of science. A review of the period (Hamerton, 1962) amply demonstrates the accurate level of information gathered over this era, and one concludes that, with the exception of autoradiographic information at that time, the technique not yet having been applied to human cytogenetics, very little new information was collected over the next 8 years. The majority of contributions merely emphasized biological situations known to exist and described in part previously. Over this period, the limitations in identifying human chromosomes on morphological criteria remained a major deficiency of the work and the IIIrd Chromosome Standardization Conference (Chicago Conference, 1966) summarized and defined those chromosomes which could be further specified by a combination of their morphological and autoradiographic patterns. Only those who have had cause to use autoradiography for chromosome identification will appreciate the strictures imposed by time, resolution, and sample size by this technique.
This was the less than satisfactory state of the art in late 1968 when a group from the Karolinska Institute, Stockholm, led by T. Caspersson, pub- lished what was to be the first of an astonishing series of papers. In the first paper (Caspersson et al, Received 2 March 1972. 1968) they described observations on the appearance of Chinese hamster and bean chromosomes stained with a fluorescent dye -quinacrine mustard -and viewed under an appropriately adjusted, ultraviolet illuminated microscope. From the clear pictures provided in the article, it was apparent that the chromosomes had varying quantities of the fluorochrome bound along their length. The authors stated that the distribution of fluorescence along the chromosomes was constant for each pair of chromosomes, and that this reflected differences in the chemical composition of different portions of the chromosomes. Since the fluorochrome used contained a terminal mustard configuration in the molecular sidechain, and since alkylating groups of the mustard variety have a well-known affinity for the N-7 atom of guanine (Brookes, 1964 ) the authors concluded that they were staining up differences in the base composition of the DNA. As subsequent events showed, and will be outlined below, this view has had to be modified, but for an initial hypothesis it was extremely stimulating because it pointed towards the possibility of examining the DNA composition of individual chromosomes and perhaps using this for their identification.
At the time, mainly through difficulties in obtaining quinacrine mustard, few laboratories followed up the leads provided by this first paper, and it was not until November 1969 when the Karolinska group produced further papers in the series in quick succession (Caspersson et al, 1969a (Caspersson et al, , 1969b (Caspersson et al, , and 1970d Zech, 1969) did most laboratories take a further interest in the matter. In one of these, Lore Zech briefly mentioned that when human chromosomes were stained with quinacrine mustard, then the Y could always be easily recognized by virtue of the distal ends of its long arms being The Use of New Staining Techniques for Human Chromosome Identification chromosome region. This was quickly verified in Oxford, using the much more easily obtainable antimalarial drug, quinacrine dihydrochloride*, and they also showed that interphase cells (Pearson, Bobrow, and Vosa, 1970) could be sexed dependent upon whether or not they contained a small, brightly fluorescent body in their nuclei. By comparing the cells from XX, XY, and XYY individuals, it was shown that the fluorescent body represented the (Francois et al, 1971; Schwinger et al, 1971; Mukherjee, Blattner, and Nitowsky, 1972) (Pearson and Bobrow, 1970a; Sumner, Robinson, and Evans, 1971b ) (see Figs. 2a, and 2b) , the detection of XYY individuals in a new-born population (Robinson, 1971) interphase state of the fluorescent end of the Y chromosome. While in general female nuclei contained no bodies, normal male nuclei appeared to contain a single one (Fig. la) and those from XYY individuals, or fibroblasts from XY males which had become polyploid in culture, an average of 2 fluorescent bodies (Fig. lb) . The term given to the fluorescent bodies was the Y body (Pearson, 1970) to distinguish it from the long recognized Barr body. It (Polani and Mutton,1971 (Bobrow, et al, 1971b; Schnedl, 1971a) (Biuhler et al, 1971; Robinson and Buckton, 1971, amongst others) and it is now apparent that in at least one case, a chromosome which had been supposed to have been a Y on morphological criteria had, in fact, been derived from an X chromosome (Stevenson, Bedford, and Barberton, 1971) . The lack of intensely fluorescent Y chromatin has been demonstrated in XX males by several groups (George and Polani, 1970; Caspersson et al, 1971b, amongst (1) In the mammalian kingdom, the presence of intensely fluorescent chromatin is confined to man, chimpanzee, and the gorilla ): this implies that the chromatin is fairly recent in origin and has not been an essential component in the evolution of mammalian karyotypes. Indeed, since it is variably present in man, there is reason for the belief that it serves a non-essential function, at least to the extent with which individuals appear to have a normal metabolism in its absence.
(2) The fluorescent chromatin is physically associated with the nucleolus (Gagne and Laberge, 1971; Bobrow, Pearson, and Collacott, 1971a) (Gall, 1969) and insects (da Cunha et al, 1969 Lomakka, and Zech (1971e) has now been adopted by the IVth Chromosome Standardization Conference (Paris Conference, 1972) as the basic banding pattern used for distinguishing each and every chromosome. The variation in intensity of fluorescence used for this is very low, and the process of analysis is aided by some form of contrast enhancement usually produced photographically. From a suitably processed bromide print of a set of chromosomes, a karyotype can be derived (Fig. 3) . In this way, identification has been made of the chromosome present in a trisomic state, and hence it has been recognized as chromosome 21 in cases of Down's syndrome (Caspersson et al, 1970b, amongst others) and also that the Philadelphia chromosome is produced from chromosome 22 in patients suffering from myeloid leukaemia (Caspersson et al, 1970a; O'Riordan et al, 1971) . In addition, a rapid confirmation of the identity and fluorescent pattern of chromosomes involved in centric fusion translocations (Breg et al, 1971; , X chromosome (Caspersson, Lindsten, and Zech, 1970c) , and B group Quantitative comparisons of the position and relative intensity of different bands can be carried out using microdensitometry on photographs of the chromosomes (Caspersson et al, 1971a and d) and is useful not only for recognizing the chromosomes involved but also the position of the breakpoints in structural rearrangements Pardue and Gall (1970) who, whilst developing techniques for hybridizing RNA onto mouse chromosome preparations, noted that an area adjacent to the centromere region of each chromosome stained much more deeply with Giemsa than the rest of the chromosome. The preparations could be examined with a standard bright field microscope, and did not require expensive fluorescence equipment. Under the conditions of the experiment, which involved denaturing the chromosomal DNA followed by renaturation, ie, separating the double stranded DNA into its constituent strands and then back again, the areas which were darkly stained were found to be those areas which renatured more rapidly than any other. Theory (Britten and Kohne, 1968) would predict that the DNA in these regions consists of more highly repetitive sequences than those present elsewhere. Arrighi and Hsu (1971) (Fig. 4) , and that particular chromosomes had larger areas than did others. In general, the larger areas corresponded to the secondary constriction regions of chromosomes 1, 9, and 16, and those parts of Nos. 3, 4, the acrocentrics, and Y which exhibit intense fluorescence with the quinacrine technique. Although these areas consist of repetitive DNA sequences, they do not appear to be all identical in base composition. By DNA hybridization, Saunders et al (1972) have demonstrated that the band on chromosome 9 consists of a particular fraction of repetitive DNA which differs from any of the other highly repetitive centromere regions in base composition. Jones and Corneo (1971) have also isolated out a fraction of DNA which seems to be homologous with the centromere regions of chromosomes 1, 16, and perhaps 9. This, therefore, is a different DNA fraction to that isolated by Saunders et al (1972) , and clearly demonstrates that secondary constriction regions differ in the composition of their DNAs. This chemical heterogeneity has been corroborated ) by a simple Giemsa staining variation which principally stains the secondary constriction region of chromosome 9, and leaves the majority of centromere regions unstained (Fig. 5) . In addition, it will reveal the presence of the No. 9 chromosome in interphase nuclei, including spermatoza (Fig. 6) .
Occasionally, when human chromosomes are treated and stained for centromeres, they exhibit banding patterns along their length similar in size and position to those produced by quinacrine (Chernay et al, 1971; Drets and Shaw, 1971; Lomholt and Mohr, 1971; Schnedl, 1971b Sumner, Evans, and Buckland, 1971a) .
Another technical approach for producing Giemsastained bands has now entered the lists and is based on briefly treating the chromosomes with protease solutions followed by Giemsa staining. The use of pronase was the first published example of enzyme digestion to produce bands in human chromosomes, and this has now been followed by the use of trypsin (Seabright, 1971; Wang and Fedoroff, 1972) . The trypsin treatment produces dark sharp bands of a most spectacular appearance, and is likely to prove one of the most useful techniques currently available. Fig. 3 above demonstrates a set of human chromosomes treated with trypsin, stained with Giemsa. At the Paris Conference (1972) it was recommended that quinacrine bands be called Q-bands, and that these should be recognized as the basic band pattern for purposes of chromosome identification, that the Giemsa equivalent of Q-bands should be called Gbands, and the centromere areas C-bands. The bands produced in reverse contrast to either the Qor G-bands by the technique developed by Dutrillaux and Lejeune (1971) were designated as R-bands.
This, then, gives a brief synopsis of the events over the past 2 years. I would now like to describe in more detail some of the more interesting clinical and biological applications for the identification techniques, and to assess the relationship of the bands to chromosome structure.
As mentioned previously, identification has been made of the G group chromosome present as a trisomic in patients with Down's syndrome (Caspersson et al, 1970b; O'Riordan et al, 1971; Ridler, 1971 Buckton et al, 1971 ) that such a distribution reflects a bias in identifying rearrangements which show a maximal change in the shape of the chromosomes. However, fluorescent studies carried out on lymphocyte chromosomes damaged by irradiation in vitro and in vivo (C. J. San Roman, personal communication) show clearly a non-random distribution of breaks caused by the significant involvement of the centromere and telomere regions.
Using morphological criteria, structural rearrangements can be detected only if they result in a change in shape of the chromosomes. Because of this, equal exchanges must go unnoticed. Although meiotic analysis can compensate for the lack of information (Mclllree et al, 1966 ) the banding techniques are a much simpler and extremely powerful tool for detecting hidden rearrangements (Evans, Buckton, and Sumner, 1971) . Banding analysis of chromosomes in tumour cells (Manolov et al, 1971 ), lymphoblast cells (Steel, 1971) (Chen and Ruddle, 1971;  Rowley and Bodmer, 1971) and fluorescent patterns (Caspersson et al, 1971f; 0. J. Miller, Allerdice, and D. A. Miller, 1971a) . In the latter study, the retention of human thymidine kinase activity along with chromosome 17 was confirmed. More recently an elegant study (Grzeschik et al, 1972 ) has been carried out in which the human X chromosome was reciprocally translocated onto an autosome, that is, it was divided into 2 parts, so that each part could be identified in a hamster host cell by the fluorescence technique. HGPRT and G6PD activity was lost with the short arm of the X chromosome and PGK activity with the long arm portion. This study is now being repeated using other Xautosome translocations, and comparison of enzyme and chromosome segregation patterns should permit an overlapping map for the position of genes on the X chromosome to be built up.
Meiotic chromosomes have also received attention, and it has been shown by fluorescence that the short arms of the Y chromosome pair with the X (Pearson and Bobrow, 1970b) (Caspersson et al, 1971f) and to map the position and frequency of chiasmata (see meiotic report in Paris Conference, 1972) . Combined with the C-banding technique which can be used for revealing the location of centromeres (see Fig. 7 (Hansen, 1971) ; sheep, goat, and mouse (Franke and Nesbitt, 1971; Schnedl, 1971c; Dev et al, 1971 ) amongst mammals of high scientific and economic value. Murine studies are progressing extremely quickly, and by using translocation marker stocks, linkage groups are being assigned to individual chromosomes (D. 0. J. Miller et al, 1971c) .
Other areas of work include comparative chromosome studies for assessing phylogenetical relationships. Pearson, Bobrow, and Madan (1972) have compared the banding patterns of the hominoid apes and found a remarkable similarity of the bands in man to those found in the chimpanzee and gorilla, with relatively few similarities existing between those species and the orang-utan. The study has also verified Ohno's prediction (1969) that the X chromosome is conservative and evolves much more slowly than any other chromosome in that, unlike the autosomes, the X chromosome banding patterns were found to be identical for all hominoid apes studied. This implies that the hominoid X has remained unchanged for perhaps the last 30 to 50 million years. With the exception of the X, no similarities in bands could be found between man and the gibbon. It can be argued that, although genetical homology exists, it is at too fine a level to be detected by the banding techniques. Similarly, recognition of small pieces of chromatin in translocation and hybrid cell material must depend upon their retaining sufficient band information. This must impose a lower limit to the resolution of the system which will vary with the chromosome and banding technique under consideration. On average for the quinacrine fluorescence, empirical observation (1) Quinacrine presumably binds to DNA by intercalation of the tricyclic acridine nucleus into the DNA helix (Kurnick and Radcliffe, 1962 (Kasten, 1966) (Kasten, 1966) but one explanation would be that the areas corresponding to quinacrine and Giemsa bands are single stranded and interband areas double stranded. Untreated chromosomes seem to be double stranded so that the treatment with the salt solution proceeds in the direction of denaturation and not reannealing.
(6) From the above points, we can perhaps infer that staining is primarily dependent upon an acidic protein distribution, and that this reflects the relative ease with which different regions can be denatured. The rate of denaturation may reflect variations in the repetitious nature of the DNA (Britten and Kohne, 1968) or it may depend upon the differential removal of binding proteins which maintain DNA in its native state (Clark and Felsenfeld, 1971) . Further than this we cannot say at the present time.
Conclusion
The past 2 years have been an exciting time for all concerned. The practical superiority of the new techniques is so great that morphological identification can no longer be regarded as adequate. Laboratories now have to decide not whether they are going to use the banding techniques but which one will be the most suitable for their purposes. The fluorescent technique is largely dependent upon having adequate equipment, and whilst expense will place it beyond the reach of some laboratories, it does have certain advantages over other techniques which merit attention. It is a technique which can be used for sexing cells and in which both intensely fluorescent areas and chromosome bands can be seen on the same chromosome preparation. In addition, the technique does not appear to suffer from the vagaries of day to day variation in quality as do the others. However, assuming that the Giemsa banding techniques will be modified to achieve a higher level of reliability, they have obvious advantages over the quinacrine fluorescence. They require ordinary bright field microscopes, and the preparations are permanent. Although these considerations are likely to make the Giemsa techniques firm favourites with diagnostic laboratories, research workers will use combinations of all techniques as the occasion arises.
